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1.- Reference is made to 1st Indorsement ENGCW-OM,
subject: "Chatham (Stage) Harbor, Massachusetts' dated 19 Feb-
ruary 1964 in reply to New England Division letter dated 24 Janu-
ary 1964,

2. The existing project at-Stage Harbor providing for an
entrance channel 10 feet deep was authorized in 1945 and completed
in 1957 at a cost of $302,500. - Excessive shoaling has occurred as
a result of a breach in adjacent Monomoy Beach, - Project mainte-
nance to authorized dimensions has not been undertaken to date.
However, limited channel maintenance dredging was undertaken by
the Government in April 1964 to provide a channel 5 feet deep and
100 feet wide in the critical area around the tip of Harding Beach
at a Federal cost of about $65,000. Continued shealing is expected
to reduce effective channel depths, in the vicinity of the tip of Har-
ding Beach, to about 2 feet by early fall of this year. A Design
Memorandum of 27 July 1962 for the maintenance of the Stage Har-~
bor project recommended a slight channel relocation and the con-
struction of a dike to clese the breach in Monomoy Beach, at a total
estimated cost of $650,000. This recommendation was approved by
the Chief of Engineers on 6 September 1962, - Due to subseguent
worsening conditions in the breach area, it was deemed appropriate
to reconsider and re-evaluate this plan. Further studies now indi-
cate that the best method of maintaining the Federal project consists
of the relocation of the channel through Harding Beach and a dike
closure of the natural mouth of Stage Harbor, from Harding Beach to
‘Morris Island.  The inclosed supplemental design memorandum de-
tails the design features of this later plan, estimated to cost $755,000
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including funds of about $45,000 expended for studies of the shoal-
ing problem. In addition, costs of about $65,000 were incurred

to open up an interim channel along the alignment of the existing
project. Total cost of all maintenance work is estimated at
$820,000. Under existing conditions, this plan was .approved by

the Chief of Engineers 19 February 1964 as the most feasible and
practical plan, Ten copies are inclosed in accordance with EM 1110-
2-1150,

3. Funds allocated to the project have been $302,500 for
the work completed in 1957 (including $43,500 contributed by local
interests). Operation and Maintenance funds allocated in Fiscal
- Years 1962 through 1964 amount to $651,000. Additional funds in
the amount of $169,000 will be required for completion of the plan
described in this Supplemental Design:Memorandum,

4, Implementation of the proposed project maintenance plan
which provides for relocation of the channel through Harding Beach
and dike closure of the natural mouth of Stage Harbor is contingent
on acceptance of the plan by local interests and subject further to
the conditions that local interests provide, without cost to the United
States, all lands, easements, rights-of-way and suitable spoil dis-
posal areas for the construction and maintenance of the project when
and as required, together with local interest assurance that they will
hold and save the United States free from damages that may result
from the construction work and maintenance of the project.

5.  Construction work included in the recommended plan is
divided into two phases., In view of the urgency of the problgm,' since
the recent limited maintenance dredging is expected to serve the har-
bor only during the 1964 season, it is planned to start construction
work on the first phase, estimated to cost $640,000, by about 1 No-
vember 1964, Expenditure of funds from allocations to date of
$651,000 amount to $110,000, leaving a balance of $541,000. The
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additional amount of $99,000 required for construction phase 1 may
be provided within the New England Division by savings and transfer
of project funds, The second phase, estimated to cost $70,000, will
be scheduled for Fiscal Year 1966 if considered necessary at that
time.

Incl(10 cys) - P, C;, HYZER
as ' Brigadier General, USA
Division Engineer
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SUPPLEMENTAL DESIGN MEMORANDUM
ON
CHATHAM (STAGE) HARBOR, MASS.
(CHANNEL RELOCATION THROUGH HARDING BEACH
- CONSTRUGTION OF SAND DIKE -
CONSTRUCTION OF STONE AND TIMBER JETTIES)

PERTINENT DATA

Project Authorization: 1945

PI‘O]eCt Document' House Document No. 456 77th Congress, Ist
Sessmn o

‘Date of Su'r'vey'_Reporf_:"'Z.é .A;p'ril' 19{11 ‘

Date of Completioﬁ of the Authorized Projeet:' 1957

Date of Design Memorandum: 27 July 1962

The Present Problem" Breachmg of Monomoy’ Beach south of Morris -
- " Island has resulted in excessive and continual
' shoaling of the Federal channel into Stage
- Harbor.

Proposed Solution: Rélocate the channel through Harding Beach, con-
. struct a sand dike from Harding Beach to Morris
- Island across the na.tural harbor mouth, construct
- a timber- pile jetty near ‘the dike and stone jetties
near the channel relocatmn.




First Cost of Remedial Work: Completed stud1es of shoahng

problem - $ 45, 000
Completed = 1964 Main-
tenance . 65,000
" Required for Maintenance
" Phase 1 : 640,000
Phage 2 70,000

Total - $ 820,000

Annual Charges:. $_42, 500

Primary Annual Benefits: $160,000

Benefit-Cost Ratiot 3.8 to 1

Schedule for Accomplishment: Subject to approval of plan by lecal in-
terests, Phase 1 to be completed in FY
1965, with Phase 2 to be done in FY 1966
if experience indicates necessity.

Design Features: Channel 10' deep and 150' wide with 1 on 10 side
- - slopes through Harding Beach, Dike 13' high above
Mean Low Water, top varies 50'~100' wide,. I on
1% side slopes, with beach grass above 7' height,

. 2500' long. Timber pile jetty 1500‘ long, 5' high
with 25‘ 35' untreated piles 2! on center and stone
apron, - Stone jetties 7" high above Mean Low Water,
a B! wide at top with 1 on 1.5 side slopes. West
jetty. 500! long; inner jetty 350' long.

‘Design Factors:

Tides: Mean range about 4,0' and spring range 4.7' in Stage Har-
bor. - Design tlde for l-year frequency.is 6.8'. Ocean
mean and spring ranges are 6. 6 and 8.1'.

- Waves: (from the Nantucket Sound} reduced to 2.3 from about 10'
1n deep water.

. Currents:’ Vary considerably throughout the area. About 1.0 fps
at the natural Stage Harbor inlet. About 5 fps between
Morris Island and Nauset Beach and at the breach. Es-
timated about 2 fps in relocated channel,
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Design Factors: (cont'd)
Materials: Generally medium to fine sand.

- Stone Sizes: Armor stone 0.5 ton minimum 1..0 ton average
for west jetty; 0.5 ton average for:inner jetty.

iii



SUPPLEMENTAL DESIGN MEMORANDUM
- ON
'CHATHAM (STAGE) HARBOR, MAss
(CHANNEL RELOCATION THROUGH HARDING BEACH)
- CONSTRUCTION OF SAND DIKE - -
| CONSTRUC TION OF STONE AND TIMBER JETTIES

PROJECT AU THORIZA TION

1. The present Federa.l navigation pro;ect at Chatham (Stage)

: Harbor was adopted 1n 1945 and is described in House Document Nog

- 456, 77th Congress, lst Sessron. “The pro;ect provrdes for-a' chan-
nel, 10 feet deep and 150 feet wide, from Chathain Roads'into Stage

- Harbér. - The pro;ect was completed in“October 1957 at a Federa.l cost

of $258 816, and a local ca.sh contr1but1on of $43 500

2. The requlrernents of local cooperatlon spec1f1ed in the pro;-
ect document are as fol].ows

"The pro]ect should be subject to the conditions ‘that local
-interests contrlbute 50 percent ‘of the cost of new work but
‘not to exceed $43 500. ' In addition,. local ‘interests should be

réquired to furnish free of cost to the United States suitable

disposal areas for new work and subsequent maintenance, if
requlred and hold and save the United States free from
_ cla1rns resu1t1ng from the 1mprovement "

Local mterests had. rnade the required cash contribution at the timeé of
the project constructron and comphed with the other condltlons of local
cooperatron. '

3. Project maintenance to. authorized dimensions has not been -
undertaken to date. However, limited channel maintenance dredging
was undertaken by the Government in April 1964 to provide a channel
5 feet deep and 100 feet wide in the critical area around the t1p of Har-
ding Beach at-a Fedezal cost of about $65,000. Limited channel main-
tenance dredglng in the same area had beer previously accomplished
by the Town of Chatha.m in 1962 and again in 1963, providing a channel
8 feet deep ‘and 100 feet w1de, at a total cost of about $50,000, borne
entlrely by 1ocal interests. - Th:Ls work was undertaken by local initiative .
and was not requmred under any of the terms of local cooperation,



‘4. The previous project adopted.in 1890, provided for a
channel 6 feet deep and 200 feet wide in the approach portion, 150
feet wide in the portion paralleling Harding Beach on the Chatham
Roads side and 100 feet wide in the portion inside the harbor, That
project had been completed in 1901 and was last maintained in 1956.

- INVESTIGATIONS

5. - Design: Memorandum. ~ The Design: Memorandum of 27
July 1962 for maintenance of the-Stage Harbor channel and construc-
tion of a sa.nd dike to close the breach between Morris Island and
Monomoy Beach forms the basis of this-Supplemental Design Memoran-
dum. Therefore, certain sections, which are adequately covered in
the 1962 Design Memorandum and which are not substantially modified
by the present study, are not repeated in this-Supplemental-Design
- Memorandum. The omitted sections include all investigations prior to
the 1962 Design Memorandum, the description of the location of the
project and tributary area, the discussion of other plans investigated,
the presentation and discussion of benefits, and the studies, analyses
and discussions contained in the Appendix of the 1962 Design Memoran-
dum.

6. Investigations ma'de in connection with the Design Memoran-
dum ef 27 July 1962 include topographic and hydrographic surveys of
the shoaled channel around the tip of Harding Beach, of the breach
area, of the mouth of Oyster Pond River, of the northerly tip of Mono-
moy Beach and of Harding Beach in the vicinity of possible channel re-
location,  In addition, current measurements were made at the mouth
of Oyster Pond River, tidal observations were made at Oyster River,
--Btage Harbor and easterly of the mainland to' Morris Island dike, and
surface sand samples at selected locations on Harding Beach, the
Oyster River, the easterly shore of Morris Island and-in the breach
area.

7. Additional investigations made for the 1962 Design Memoran-
dum include studles of winds, waves, 1:1des, currents, shore processes
and shoaling characteristics, analysis of materials, compilation and
analysis of shore front residential property valuations, commercial
harbor facilities, fishing commerce and landings and pleasure boating.



' 8., Bubsequent to' Design:Memorandum, - Topographic and hy-
drographlc surveys subsequent to’ 1962 have. been ‘made on the fol-
lowing dates ‘ : : :

a. 6 - 10 May 1963 - Condition survey--,;o_f.fhe breach . .
area and of the _ocsan access channel.

b.26-29 August and 4 - 10 September 1963, - Co_ndition
survey of the breach area, the ocean access channel, and the area
of and around the tip of Harding Beach.

13 February to 3 March.1964. --Specification syrvey in
connéction’ w1th the limited Federal channel maintenance dredging
undertaken -in Apiil 1964. The survey covers the Chatham Roads ap- -
proach channel, the channel area around I—Ia.rdlng Beach and topography
of Hardmg Beach

~d. 30 March 1964 - Condition survey of the channel and
flats area south of Hardmg Beach and to: the east of the Chatham Roads
approach channel. ' : . -'

e. 6 -7 May 1964. - After- dredglng survey of the 11m1ted
channel around the t1p of Hardmg Beach ' : :

£, 27 May to '3 June 1964 - S1x proflles extendmg from
the tip of Harding Beach, across the natural harbor mouth, to high
-ground on Morris Island. These profiles and limited tidal observa-
tions were made in connectlon with the present Supplemental Design’
-Memorandum. ' ' ‘ : ‘ :

9. A pertinent report was prepared by the New England Division

" on channel maintenance for presentation to the Committee on Tidal

"Hydraulics, 15 - 16 October 1963, Investigations made in connection
with this report include the 1963 surveys listed above, tidal observa-
tions southeast of the tip of Nauset Beach, at Monomoy Beach near

‘the ocean adcess channel, at the breach off the tip of Harding Beach, at
the Chatham Roads approach channel, in-Stage Harbor, at Aunt Lydia's
Cove in the Old Harbor and on the ‘eé.st side-of Morris Island, and current
‘velocity medsurements at selected points in the breach and adjacent areas.
'This report,also included an analysis of the cha.ngmg conditions from
1962 to 1963. -



- Another pertinent report on the cha.nnel rna,mtenance prob-
lem of Chatham (Stage) Harbor was prepared in December 1963 by
the Committee on Tidal Hydraulics of the Corps of Engineers, U. 8.
Army. This report includes review of available information without
any additional investigations.

11. The general study area has been the subject of repeated
aerial photography which has been useful in this and previous studies.
Some of the dates of vertical and oblique aerial photographs are listed
below; :

a. Verticals., - 14 December 1938; 23 October.1939; 3 June
1952; 25 July 1952; 2§ April 1953; 9 May 1953; 10 May 1953; 15 March
1955; 8 February 1956; 17 April 1961 (colered); 23 March 1962; 5 Oc-
tober 1963 (colored).

~b. Obliques. - September 1937; October 1949; February
1950; 3 February 1952; 21 February 1954; 29 June 1955; 19 April 1956;
July 1959; 13 August 1961; 17 August 1961; May 1961; 30 September
1961; 18 April 1962; 26 March 1963; 12 September 1963; 22 January
1964; 10 Febranary 1964, -

12, Other: mvest1gat10ns made. of the study area include field
inspections of Nauset Beach, Old Harbor, Monomoy Beach and Island,
the breach area, Morris Island, Stage Harbor, Oyster Pond and River,
and Harding Beach.

13. Present Supplemental Design Memorandum. - In addition to
the aforementioned investigations, the present study has reviewed,
continued and/or extended, where necessary, the special studies and
analyses contained in the Appendix of the 1962 Design Memorandum;
special emphasis having been placed on shore processes in'the Harding
Beach area and on tidal and current determinations in the Sta.ge Harbor -
Chatham Roads area.

LOCAL COOPERATION REQUIREIS AND VIEWS OF LOCAL INTERESTS

14. Local cooperation required by the authorizing legislation is
set forth in Paragraph 2 of this memorandum. Local interests had com-
plied with all requirements at the time of completion of the present proj-
ect, inclusive of a cash contribution. :



15, ‘In connectio‘n1withj'the-'propo's¢d prb'j"'é;c':'t- maintenance plan,
local intérests should provide;without cost.to the United States, all
~ lands, easeménts, rights-of-way and suitable -spoii disposal areas |
for the construction and maintenance of the project when and as re-
-quired., 'They should also hold and save the United-States free from
damages -that may result from the constructmn works and mamtenance
of the project. o T R v A

16. The presently proposed plan had been considered in gen-
eralized form as'Plan E of the 1962 Design Memorandum and was one
among several plans which were discussed in 1962 with a selected - ‘
group of interested gersons and presented’at a public hearing held by '
the Town of Chatha.m. “Although, at thattime, the discussions wére
‘principally concerned with Plans C - todified and D - ‘modified, both
of which include a dike closure of the breach between Morris Island
and Monomoy Beach, the first with a channel around Harding Beach;,
the latter with a chanmnel relocated through Harding Beach, fany of
the local views expressed then are applicable to the proposed plan.

The overwhelming siipport at the- 1962 public hearing for Plan C - modi-
fied reflects strong local feeling against change and for return to the
pre-breach conditions., There is concern about the fate of the deterio-
rating ocean access channel off the tip of Nauset Beach, which serves
the ‘©ld Harbor and Pleasant Bay; closure of the breach would help main-
tain this natural channel. Certain interests favored an opening at the
breach to permit navigation from Stage Harbor and Chatham Roads to
Pleasant Bay and the Atlantic Ocean, - Relocation of the-Stage Harbor
channel through Harding Beach had been viewed by some local people
with skepticismj prlnc1pa1fconcerns being tides, waves and currents

in the harbor, water temperature, navigability andadequacy of channel
for sailboats, ice problem, trapping of littoral drift, deterioration of
easterly portion of 'H'ahr‘din'g Beach and exposure of the harbor, loss of
town-owned land, etc., On the other hand, others favored the straight
relocated channel, because of its shorter length and ease of navigating
at night or under storm conditions. aners of Morris Isla.nd expressed
objections to a roadway or public access to any proposed d:.ke. - Town
officials had érmphdsized the urgency of the: problem a.nd its impact -

on the economy of Chatha.m. : o

R i AR Rec'ent discussions with local officials relative to the pres-

- ently prop0s ed’ pla,n indicate that, although closure of the breach is de-
sired, the town may accépt the proposed plan. It will be necessary for
the Town of Chatham to hold a-Towmn: Meeting’ for acceptance of the pro-
posed plan and for granting of the lands, easements and rights-6f-way



required on Harding Beach. The Board of Selectmen have indicated
that they would arrange for a Town Meetmg as soon as the proposed
plan is ready for presentatlon

18, The views. of the U;-8, Coast Guard, as expressed by the
- Commander of the local station, were in favor of the proposed plan.
- In -addition, they are concerned about the deteriorating condition of
the natural ocean access channel,

19, The views of the U.8. Fish and Wildlife Service, who
have jurisdiction of the Fish and-Wildlife Refuge on Monomoy Island,
had been presented in a review draft of their preliminary report,
dated 25 June 1962.- In this report they express concern about pre-
servation of their land in view of the possibility of additional breaches
in the-future across Monomoy Beach and.favor closure of the present
breach, under either Plan C or D-modified, In discussing the presently
proposed plan (Plan: E)}, they-state that this method '"would restrict the
interchange of waters between Nantucket Sound and Stage Harbor and
possibly adversely affect spawning of shellfish through an alteration of
the physical and chemical properties in Stage Harbor. Bottom condi-
tions in that area south of the propesed structure and west of the breach

between Morris and Monomoy Islands would remain unstable. The scope
of the present fluke fishery in Stage Harbor probably would be altered by

placement of a structure connecting Harding Beach and Moxris Island. "

10. The Commonwealth of Massachusetts has not presented any
official views on the proposed project.

. LOCATION OF PROJECT AND T-R_IBUTARY AREA

21, See the De91gn Memorandum of 27 .Tuly 1962 for location of
project and tributary area. :

. 'PROJECT PLAN

22, The existing project was authorized in 1945 and constructed
in 1957. At the time of project authorization, Monomoy Beach was
connected to Morris Island. - In 1956, the beach south of Morris Island
was breached by the sea.  Since then the breach has widened, deepened
~and become a continuous waterway. By 1961, sediment moved by tidal
currents through the breach extended over a wide area and filled the
- Stage Harbor channel off the tip of Harding Beach, The shoal front has .
continued to advance westward along the south side of Harding Beach

6
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toward the Chatham Roads a'ppi"oach chanr_:.el'_.w Concurtrently, tidal

flows ‘in the vicinity:of Harding Beach have:been causing. its tip to

be eroding fapidly and $mall spits to be trailing therefrom toward

-Stage Harbor and toward the approach channel. ' At the same time,

the deep scour hole at the breach has been extending toward Harding

- Beach and Stage Harbor; presently having reached the most easterly
bend of the’ 1957 cha.nnel allgnment '

23, Efforts by the Town of Chatharn to prov1de a channel 100
feet wide and 8 feet deep around the tip of Harding Beach, at their
expense’, proved short-lived.. Dredging was undertaken by the town
in 1962 and again in 1963 at a total cost of about $50,000, It is reported
that the Town channel had shoaled again within about 3 or 4 months after
the dredging. The limited Federal channel maintenance dredging com-
pleted in April 1964 likewise is expected to serve Stage Harbor during
the Summer of 1964 only. - Major maintenance is required to restore the
project'to full usefulness, accompanied by a program of systematic an-
nual maintenance dredging operations at the present channel location.

24. ‘It'was estimated in the Design Memorandum of 27 July 1962
that about 310,000 cubic yards of material wéuld have to be removed
to restore authorized project dimensions..- The most recent surveys
indicate about the same volume. The cost of the above work had been
estimated at $350,000 plus about $50, 000 annually for maintenance. A
study of the most practicable manner of preserving this harber indicated
that a substantial reduction in annual cost is possible.  The design studies
of measures to reduce maintenance costs and alternatives considered
are discussed in detail in the 1962 Design Memorandum. - The plan devel-
oped in this-Supplemental Design Memorandum is discussed below and
is shown on Plates 1 and 2,

25, The proposed plan for pro;ect maintenance cons1sts of the
followmg items:

- Relocate the channel through Harding Beach, 10 feet
deep and 150 feet wide with 1 en 10 side slopes. In the future, main-
tain the channel from Chatham Roads, through Harding Beach and into-

'Stage Harbor with 1 on 3 side slopes. - :

'"-'.b‘.'u Construct and'maintain a sand dike from the tip of

- Harding Beach to Morris Island across the natural mouth of Stage Har-
“bor. The dike is about 2500 ft. long, 13 feet high-above Mean Low
Water with 1 on 15 side slopes. - The top width varies from 50 to 100
feet in the first 500 feet of dike near the tip of Harding Beach, then
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continues 100 feet wide for the next 500 feet, it varies from 100 to
50 feet in the following 500 feet and is 50 feet' wide for the last 1,000
feet in the wvicinity of Morris Island, The top and slopes of the dike
will be planted with beach grass above elevation £ 7.

c. Construct a timber pile jetty in the area between the
breach and the proposed dike so oriented as to deflect currénts in
the area away from the dike and Harding Beach. This jetty is about
1,500 feet long constructed of a row of untreated timber piles, 24
inches on center, varying in length between 25 and 35 feet, with top
of pile generally 5 feet above Mean Low Water, except every 50 feet
one pile marker to extend 10 feet high. The piles should be connected
together by steel cable stapled near the top. - No future maintenance of
the timber piles is provided under the proposed plan, since the timber
pile jetty is estimated to be required only in the initial 5 to 10-year
period after construction. A stone apron along the toe of the structure
is also provided to prevent excessive scour and undermining of the
piles,

- d.. Construct a groin type stone jetty on the south shore

of Hardmg Beach, ‘parallel to and to the west of the relocated channel.
This west jetty has a length of 500 feet, a top 5 feet wide at elevation

{ 7 above Mean Low Water and side slopes of 1 on 1,5. Armor stone
should be 3 feet thick with sizes of 0.5 ton minimum and average of
over 1.0 ton each, to be placed to interlock, - ‘A sandtight core of quarry
run stone, assorted sizes is included under the cover layer of armeor
stone. ‘Future maintenance of this structure is estimated to consist.
primarily of further extensions in length to provide for additional im-
-pounding capacity when required,

es Conpstruct a stone mound type je_tty on the inner end of
the east bank of thé channel relocation in order to protect this area
from er®sion by the ebbing currents. This jetty is 350 feet long with
5-foot tbp-at elevation # 7 and 1 on 1.5 side slopes. The jetty may be
constructed pell-mell with 0.5 ton stones average throughout the sec-
tion, without any core. - As erosion of the bank takes place, this jetty
¥s.expected to settle and re-adjust itself to resist.further erosion.
~Therefore, future maintenance of this structure should not be necessarlly
predicated on transformations of its shape __and height.  Future main- -
‘tenance is envisioned to consist primarily of extending the jetty, if neces-
sary, and/or providing similar protection to other portions of the banks;
such need and the extent to be: determined on the basis of developments
after construction.



26. - Vehicles should be prohibited from using the proposed
dike as they may cause damage to the- proposed beach grass.’

5 DEPARTURES“FROM'PROJECT DOCUME_NT PLAN

- 27.- The proposed prbject plan is basieally different from the

- project document plan, although both plans provide for navigation
from Chatham Roads into Stage Harbor. The only project compon-
ents that are common to both plans are .the approach channel from
Chatham ‘Roads 'to the south side of Harding Beach and the channel
within the Stage Harber proper.  Under the proposed plan, that
portion of the Federal channel which is along and around Harding

- Beach is to be abaiidoned.. The proposed plan provides instead a
new channel relocated through Harding Beach, a dike to close the
natural mouth of Stage Harbor, a timber pile jetty to deflect cur--
rents from the breach area, and two stone jetties near the relocated
channel, . The above departures are considered essential for main-
tenance of the navigation project in Chathan (Stage} Harbor at the

- present time, . :

- OTHER PLANS INVESTIGATED

28, ~Several plans which have been investigated are descrlbed
and dlSCllS sed in the 1962 Design Memorandum. - The presently pro-
posed project plan was considered generally as . Plan' E in that Memo-
randum, but not studied.in detail.  The present studyin preparation.
of this-Supplemental Design Memorandum has not been extended to
" include reconsideration of the previously reported plans and/or study.
of any new plans. It is limiteqd to study in deta.11 and development of
the proposed project maintenance plan.

29. The-plan which had been previously recommended in the
1962 Design Memorandum, Plan C-modified, consisted of a channel
around Harding Beach, generally as constructed.in 1957, except for
- adjustment of the channel aligmment to eliminate certain bends in the
lower harbor, and widening of all other bends and the U-turn area,
and, in addition, a dike to close the breach between MOI'I'J.S Island and
Monomoy Beach

. 30. - The above Plan C-modified, which had been. previously
recommended, was strongly supported by local interests, However,
the worsening of conditions in the breach area since. 1962 has ma.de
this plan more costly and difficult to construct, Therefore, it was
not considered advisable to proceed with this plan and the subject was
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included in the investigations of the Committee.on Tidal Hydraulics
‘of the U.8, Army Engineers, and discussed later with representa-
tives from the Office, Chief of Engineers. . As a result of the above,
+ Plan C-modified was abandoned.and Plan E was selected for develop-
ment into a project maintenance plan.’ ‘

31.. The presently proposed project maintenance plan has cer-
tain advantages and certain disadvantages from the previously pro-
posed plan,  Some considerations which relate to the proposed plan
are outlined below: - '

a.: R_eloca.t'ion.of the channel across Harding Beach would
simplify navigatien, particularly to visiting craft, and would provide
a shorter channel into Stage Harbor,

~ b.. The shorter and straighter channel would require a
lesser cost for maintaining navigation aids.

c. The relocated channel is farther away and, therefore,

less subject to the influence of the shore: processes in the Nauset
- Beach- Monomoy«ﬁeach area., o
. d.  The proposed.dike and timber: p11e ]etty would protect

Sta.ge Harbor and preserve the easterly portlon of Hardmg Beachu,

- - Relocation of the channel would alter the present and

former balance of tidal currents in‘the area. However, the proposed
-plan has been designed to provide a hydraulically equivalent entrance
- to. the-harbor, thus preserving the tidal ranges in the harbor,

. £v.- The proposed plan does not eliminate some of the
problems which are associated with: the breach, i,e.,. silting of
shellfish beds, reduction-in the water temperature in Chatham Roads
due to cold wa&er mflow from the ocean, etc.

g - The breach remaining open-is expecfed to be causing
increases in the rate of shoaling at the Chatham Roads approach chan-
-nel. However, such increase is not expected to be excessively high,.
and will probably decrease back to near normal levels as Nauset
Beach continues its southward growth.

- h. - The flow concentration in the relocated channel will
tend to make it self-maintaining.

10 -



" i. The relocated channel, with'a width of 430 feet at
high water, is not expected. to affect adversely any present ice~
jamming COndlthl’l. N : : :

js A‘chahnel through Harding Beach will reduce the
protection presently being afforded to the harbor by permitting small
waves from the Nantucket Sound to enter the harbor and to increase
the local chop'coendition. '

k. The relocated channel may act to intercept littoral
movement along Harding Beach, although the nodal point is report-
edly located in the vicinity of Harding Beach Light.. The proposed
- West Jetty would arrest littoral drift from the west. ‘

1.” As several local people are interésted in having a
secondary access from Chatham Roa.ds to Pleasant Bay, the proposed
plan permlts such navigation.

m. The proposed plan would not improve conditions at’
the ocean access channel between Nauset and Monomoy Beaches.

n. The proposed plan permits more flexibility in future
development of plans in connection with the contemplated Pleasant
Bay study.

- REAL ESTATE REQUIREMENTS

32. The proposed project maintenance plan would require cer-
tain lands and/or easements for its construction and maintenance.
The lands involved are in the area of channel relocation through Har-
ding Beach, the area for construction of the west jetty and at the
westerly end of the proposed dike, which belong to the Town of Chatham;
the lands below Low Low Water in the area of channel relocation and
under the proposed dike at the natural mouth; which belong to the Com-
monwealth of Massachusetts; the area for construction of the timber
pile jetty, also state owned; the area needed for the dike construction on
the property of the U.S. Fish and Wildlife Service at Morris Island; and
an area on Morris Island at the easterly end of the dike which appears
to be owned by Mr, Edward R, Noyes. -All lands and easements should
be provided by local interests free of cost to the United States.- It ap-
pears tha.t permanent easements at the desired locations w1ll sufflce
for the purposes of this project, ‘
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COST ESTIMATES

33. The estimates of cost for accomplishment of the proposed
project maintenance are based on unit prices prevailing in June
1964 and on quantities from recent (1964} surveys. Annual charges
are based on a project life of 50 years and estimates of maintenance
represent the expected requirements during that period, expressed in
terms of annual average. It is proposed to undertake the work in two
phases with costs for each phase as follows:

‘First Cost of Construction

Phase 1
Channel dredging, 375,000 c.y. at $1,15 - $431,500
Sand dike, {accomplished by spoling material
from channel dredging} no cost
Planting beach grsss, 70,000 s.y. at $0.45 31,500
Timber piles, untreated, 22,700 ft. at $1.50 34,100
Steel cable and staples, 1,500 ft. at $0._6Q 900
West jetty {200 ft. long), stone, 1,500 tons at $10, 00 15,000
Subtotal . $513,000
Contingencies at 12% T 62,000
Engineering and Design - 17,500
Supervision and Administration 47,500
-Total First Cost, Phase 1 ~$ 640,000
Phase 2

West jetty (300 ft. long} extension, stone, 2,000

tons at $10, 00 | $ 20,000 -
" Stone apron at timber pile jetty, 1,000 tons at , ..
- $10.00 10,000
Inner jetty, stone, 2,500 tons at $10.00 25,000
Subtotal : - $ 55,000.
Contingencies at 15% _ . 8,000
Engineering and Design 2,000
Supervision and Administration 5,000
Total First Cost, Phase 2 - ~$ 70,000
Total First Cost, both phases . - $ 710,000
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34. Project Maintenance Cost. - The total co'st of - remedial
work, including the estimated cost of $45 000 for- mvestlgatlons of
excessive shoalmg, and $65,000 for 1964 maintenance, amounts to
$820, 000 '

35 '.-A_.nnt'J.;al Cha.rges. -

Interest a.nd amortlzatlon, at 3% for 50 yearﬁ, o .
- {0. 03887 x $820, 000) ‘ ' $ 31,900
Annual cost of maintenance: .

B ijedging '(material from channel to be

placed on dike} | . 8,600
Stone for jetties , _ - 2,000
_$ 42,500

36. The 1962 Des:.gn Memorandum estimated maintenance of the
‘authorlzed project, without modlflcatlon, to cost $350 000 initially and
© $50, 000 annually- for contmued maintenance. Inclusive of the cost for
1nvest1gat10ns of excessive shoa.llng and for 1964 maintenance, the flrst
cost for maintenance of the authorized project is $460,000, and the an-
nual charges amount to $67,900. The proposed project maintenance plan
with annual charges of $42,500 is justified by the estimated annual sav1ng
of $25,400 in a.nnual charges.

SCHEDULE FOR DESIGN AND CONSTRUCTION

_.-37.. Fleld investigations consisting of recent soundlngs, profiles
and cross sections are available. Design studies have been completed
in preparatlon of this- Supplemental Design: Memorandum. After -local
interests approve the proposed plan, furnish all necessary lands, ease-
ments and assurances, and meet all other conditions of local coopera-
tion, it is scheduled to proceed with preparation of standard plans and
spec1f1cat10ns, invitation for bids and award of a contract, which would
require about 3 months, - Fundg will be made available for accompllshmg
the project construction when:required. Construction would regquire
about 4 months and could be started by about November 1964'.

38. The work under Phase 2 of the proposed plan should be under-~
taken. in the fu,ture as and when the need arises. Since the need for some
of this work may, be ev1dent shortly after construction of Phase 1, it is
proposed to schedule Phase 2, estimated at $70,000, in Fiscal Year-1966.
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OPERATIONS“ANP MAINTENANCE

39. The only maintenance work a:ccomphshed since the existing
‘project-was constructed in 1957 consists of dredging in April 1964
- a limited channel, generally 100' wide and 5' deep, in a new location
around the tip of Harding Beach at a cost of $653,000. To restore the
project to project dimensions at the 1957 location was estimated to
require dredging of 310,000 cubic yards initially. and 50,000 cubic
yards annually thereafter, These volumes would have been much
smaller if Monomoy Beach had not breached, --A major reduction of
maintenance requirements would result from maintenance by the pro-
posed plan; this maintenance is estimated to consist of 7,000 cubic
yards dredging and 160 tons stone, ‘annually. The future project
maintenance cost is estimated at $10, 600. :

- BENEFITS

40, Benefits accruing from the project are estimated and dis-
cussed in the 1962 Design Memorandum. - It is estimated that direct
navigation benefits amount to $160,000 annually and would probably
exceed $250,000 if the benefits from presenvation of the investment
in commercial harbor facilities are included, The direct benefits
of $160,000 annually are more than adequate to justify early under-’
taking of the proposed project. Compared to the estimated annual
charges of $42,800, the project benefit-cost ratio is 3.8 to 1.

- RECOMMENDATION

41, It is recommended that the proposed project maintenance plan
for Chatham-(Stage) Harbor, which provides for relocation of the chan-
nel through Harding Beach and dike closure of the natuzal mouth of
Stage Harbor, as described herein and shown on: Plate 1, be approved
for maintenance of the project.

42, It is also recommended that Phase 1, which 1ncludés the prin-
cipal components of the project, be approved for early mamtenance in
Fiscal Year 1965, since the recent limited mainténance dredgmg is ex-
pected to serveé the harbor only during the 1964 season.

- 43, The proposed projeci maintenance cons_truct:ion._pro'g'ram is
recommended subject to the conditions that local interests provide

without cost to the United States all lands, easements, rights-of-way
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and suitable spoil disposal areas for the construction and mainten-
ance of the project when and as required. - They should also hold
and save the United .States free from damages that may result from
the construction works and maintenance of the project.

8 Incls
.1. Plate 1 -~ General Map
2. Plate 2 - Survey Map
3. Plate 3 - Profiles
4. Plate 4 - Shoreline Changes
5. Appendix - Study and Project Design
6. Figure 1 - Tidal Relations
7.  Figure 2 - Estimated Velocities in Relocated Channel
8. Figure 3 - Estimated Wave Refractions in Stage Harbor

L X0
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SUPPLEMENT_AL DESIGN MEMORANDUM
A on .
CHATHAM (STAGE) HARBOR MASS
APPENDIX - STUDY AND PROJECT DESIGN
SUMMA-.RY

1. An engineering study has been made in preparation of this

Supplemental Demgn Memorandum to determine basic design fea-
M a‘plan for proje¢t maintenance providing for the relocation
of the Chatham (Stage) Harbor channel through Harding Beach and

the construct"ion' of an earth dike from Harding Beach to Morris
Island. Th1s Appendn: contains the results of this study and devel-
opment of design criteria. The study indicates that the proposed
plan, as shown on Plate I, would not significantly alter the normal
tidal characteristics of the harbor, waves entering the harbor through
the relob’étéd channel would be relatively small, estimates of littoral
drift along Harding Beach warrant construction of a jetty, flow dis-
tribution of tidal currents in the vicinity of the relocated channel may
warrant future jetty construction, and estimated tidal currents in the
vicinity of the breach warrant a current deflector jetty to protect the
proposed dike and Harding Beach., Continued maintenance of the
present entrance channel is not considered to be practical under the .
ex1st1ng condltlons in the vicinity of the project.

GENERAL

2, This Appendix has been limited in scope to the study of the
proposed project maintenance plan, which calls for relocation of the
channel through Harding Beach and construction of an earth dike
across the natural mouth of Stage Harbor. This plan had been con-
sidered as Plan E in the Design Memorandum of 27 July 1962, which
forms the basis of this-Supplemental Design Memorandum. The Ap-
pendix of the 1962 Design Memorandum contains discussions and re-
sults of engineering and economic studies, and investigations of several
plans. These studies are applicable to the present investigation, but
are not repeated in this Appendix; the results of supplemental investi-
gations and other information pertinent to the proposed project main-

tenance plan are contained heréin, '
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- WINDS AND WAVES

3. Winds in the area predominate from the southwest, west-
southwest and west-northwest directions (SW, WSW. and WNW),
- Storm winds predominate from the nerth-northeasterly direction (NNE)
and are also significant from the north, east-northeast, east-south-
east, west-southwest, west and west-northwest directions (N, ENE,
. ESE, WSW, W and WNW),~ Wind: and wave roses are shown on Plate
6 of the 1962 Design Memorandum.

4. Wind deflation is of importance in the study area. . It has been
estimated that the potential quantity of wind deflation along Harding
Beach reaching the relocated channel would be 10 times greater from
the northwest than from the southeast,  Present and future movement
is greatly influenced by beach grass in the area, Without beach grass
the rate of movement had been esiimated to amount to about 150 c.vy.

. per foot in a southeasterly direction,. partly counteracted by movement
in the oppeosite direction of about 75 c.y. per foot of beach annually.
Beach grass is probably about 90-95% effective. Harding Beach is
presently covered with vegetation, except in those sections which have
been used as dredging spoil disposal areas in recent years.

5. The proposed dike from Harding Beach touM@rris Island will
be subject to wind deflation principally in an easterly direction. It is
considered essential that beach grass be planted throughout this dike
soon after its construction in order to prevent any serious losses due
to wind deflation. It may be possible to use for transplanting the ex-
isting beach grass from the channel relocation area. If practical, the
exlstmg exposed areas of Harding Beach should also be planted.

6. Wind generated waves in the Nantucket Sound have been esti-
mated to have the following deep water characteristics:

- Direction of wind . : .. 8SW BW - - Wsw

“Average wind speed.(m.p.h. ) 32.6 33,8 ~33,2
Average wind duration {(kours) 6.6 15,0 . - . 11.0
Effective fetch {nautical miles) = 35.3 : 74.4 . . .52.9

-Bignificant wave height (feet) . 7.1 9.7 . 8.5

- Wave period (seconds) 6.4 7.8 ‘ 7.2

- Deep water wave length (feet) 210 - 312 . 265



7. i Wave refraction in Nantucket Sound and in the Chatham Roads
area causes substantial reduction in the height of waves reaching Har-
. ding Beach in the vicinity of the proposed channel relocation. At a
design tide level of 6, 8' above M; L, W, the refracted waves amount
to about 2 to 3 feet, in general.

8. ..Wa-vesfwhi.ch.enter the relocated channel from south-south-
westerly or west-southwesterly directions would quickly refract and-
dissipate.on the channel slopes.  Only 5outhwesterly waves moving
in the direction of the relocated channel alignment can enter Stage

“Harbor..: The portion of such waves entering the relocated channel over
its side slopes would refract and dissipate within the first 250' of chan-
nel. The waves within the channel limits would proceed toward Stage
Harbor undergoing some diffraction .and refraction, . It is estimated
that at least a 25% reduction in the wave he1ght would take place within
the reloeated channel,

9. . Waves emerging from the relocated channel into Stage Harbor
would ‘undergo substantial diffraction as shown on Figure 3, This dif-
fraction would contribute to a 50% reduction in the wave height in the
most eritical:shore area opposite the relocated channel. ' In addition,
there would be refraction within Stage Harbor causing furthe¥ reduc-
tions in the wave height,

: 10. It is:estimated that the overall product of wave refractions
and diffractions would result in waves from the Nantucket Sound to be
reduced to less than 1.0 foot-in height before reaching the Stage Har-
bor.shore. It is also estimated that this would be a relatively infre-

. quent-occasion gince it presupposes the l-year storm to coincide with.
thé -1-year tide and to produce waves to be refracted in such manner so
as to enter the relocated channel in the direction of its alignment.

11, Wind waves capable-of being generated within Stage Harbor are
estimated to have a height of about 2.0 feet, a period of 2.4 seconds and
-a deep water: wave length of about 30 feet.. Such waves can occur even

if the harbor were completely landilocked. - It is, therefore, considered
_that waves entering Stage Harbor through the relocated channel are rela-
‘tively small and would be primarily, and at most, contr1but1ng to a
small increase in the ''chop" condltlon in the harbor.

12, Waves in the relocated channel moving in opposite direction
from the tidal current may have some effect on navigation. However,
such effect is expected to be small because of the length of the waves,
and the infrequency of the occasion.
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13, . In the event that waves are found to be of objectionable
height in the relocated channel, it may be considered to -dredge re-
fraction diamonds in the channel in connection with future maintenance,

TIDES AND CURRENTS

14, Estimated tidal curves and time lag . relations for certain
locations in the-Stage Harbor study area were developed from data.
contained in the 1964 Tide Tables of the U:sS. Coast and Geodetic Sur-
vey and are shown in Figure 1. The mean and spring ranges for the -
above and other locations, as reported in the Tide Tables, are ta,bu-
lated below:

‘Ranges: .. . Mean - Spring
- Stage Harbor 3.9 4,7
Atlantic Ocean {outside Chatham) 6.7 7.8 '
Chatham Old Harbor (Aunt Lydia's Cove) 3.6 4.2
Pleasant Bay 3.2 3.7
Monomoy Point 3.7 4,3
Wychmere Harbor, Harwmhport 3.7 - 4,3
Dennisport 3.4 4.1

15. Because of tidal influence through the breach, it is estimated
that the mean range in-Stage Harbor is actually about 4.0 feet. Analysis
of data for Bosten Harbor, Mass., and Newport, R.L , shows that a
tidal level of 3.1 feet and 2.5 feet above Mean High Water, for the two
stations respectively, is equalled or exceeded once per year. Since
both stations are equally away from Chatham the average of the two is
used in the design, The design tide, therefore, is 6.8 feet above Mean
Low Water. :

16. Record high tides in Stage Harbor have been reported to be 7.2
feet on 21 September 1938 and 11.5 feet.on 14-15 September 1944, - The 4
proposed dike is designed with its top at-elevation £ 13 which gives ade-. :
quate freeboard under design conditions and is higher than the record
high tide. It should be noted that Harding Beach is generally lower than
the proposed dike, except in the spoil disposal area near its tip.  In ad-
dition, it is estimated that wave action on the proposed dike by waves
through the breach would be relatively small,
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17. It was considered desirable to design the channel relocation
through Hardmg Beach to be roughly equivalent to' the natural harbor
inlet hydrauhcally in order to maintain about the same tidal range-in
Stage Harbor. This was accomplished by integrating at half tide level
the cross-sectional areas, hydraulic radii, and energy loss coeffi-
cients and interrelating them to Chatham Roads. A relocated channel
section, as proposed, was found to be the minimum required. This
section has an 150" base width at elevation -10 below M, L., W, and 1

-on’10 side slopes. ~Although a section with wider base and steepér side
slopes could also satisfy the above condltlon, it is considered preferable
to provide the flatter slopes in order to minimize the erosion potent1al
of f:he banks.

18 - Tidal and current determinations have been made in Stage
Harbor, as related to Chatham Roads,. resulting from the design plan.
Figure 2 shows ‘the estimated velocities in the relocated channel and the
tidal level relations between Stage Harbor and Chatham Roads. A 4-foot
sinusoidal tide ¢urve was used in Chatham Roads. Although the actual
tide- curve may not be exactly smuso:.dal the results would be about the
same, i.e. the mean range in Stage: Harbor will be the same a§ in Chatham

: Roa.ds and velocities will be about 2 fps.- Due to local velocity distribu-
tion,. however, somewhat hxgher velocities may occur. It appears that
such a velocity concentration may occur during ebb flows in the vicinity

‘of the inside easterly bank of the relocated channel, as flows from Stage

"Harbor and Oyster River would have a resultant component at an angle
to the channel.

“1'9." Currents in the breach area as tides flow between Chatha.m
Roads ‘and the Atlantic Ocean are expected, at least in the initial period
after construction, to exert pr essure on the propos ed dike and the tip
of Harding Beach and cause erosion., Although it is difficult to determine
the magnitude of these currents, it is possible that concentrations of up to
5 fps may exist in the breach area, which would, however, be substantially
reduced alongithe new dike and the tip of Harding Beach., In. order to re-
duce erosion of the proposed dike a timber pile jetty has been incorporated
in the plan which would deflect portion of the tidal flow and thus protect
the sand dike, - Since it is expected that conditions in the area will ma-
terially change during the next 5 to 10 years, it was considéred-adequate
to design this jetty structure for a life of up to about 10 years.

20, Several tidal and current observations have been made in the
study area in the past, rnost of which are presented in previous reports
and are not repeated here. In summary, some of these 1nd1cate currents
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of about 1.0 fps in the natural channel prior to the breach, about 2.5
fps in the limited channel off the tip of Hardlng Beach. after the breach
and shoaling of the entrance channel, about 3.7 fps at the brea.ch and
about 1.7 fps at Oyster River.

H

. 'SHORE ‘PROCESSES

21.. The breach of Monornoy Beach to the south of Morms Island
has caused shoaling of the present channel around. Harding Beach, scour
“of the breach area and erosion of the tip of Hardmg Beach. The past
and recent processes in the vicinity of Harding Beach are shown by the
comparative profiles of Plate 3 and the high water shoreline changes of
Plate 4. It may be seen in the above that the scour hole of the breach
has been shifting and advancing toward the mouth of Stage Harbor, a
condition which would be 51gn1f1ca,nt1y altered after construction of the
proposed Works.; Erosion of the t1p of Hardlng Beach has been accom-
panied by shoal tails trailing from the tip both toward Stage Harbor and
Chatham Roads. - Material moving in these directions is encroaching:
upon the limited channel dredging undertaken by the Town of Chatham
in 1962 and 1963, and by the Government in 1964, - This mater1a1 may
have also contrlbuted in recent increases of the shoa.lmg rates in the
-approach channel in the vicinity of the first bend whe re the relocated
channel will commence. At this point, deposrtlon has 1ncreased to 1
foot per year, although the outer approach channel has mamtamed about
a 0.2 foot per year deposition,

22. Littoral drift along Harding Beach is variable. Past studies
had indicated a nodal point in the vicinity of the Hardlng Beach Light.
Although a balance of movement may have: existed at this point, it is
expected that relocatlon of the channel through Hardmg Beach would
have a s1gn1f1c:ant effect and" may act to trap-some littoral moving in
an easterly c'hrectlon. . It was considered.justified, therefore,to in-
clude a west jetty on the south shore of Harding Beach to the west of
the relocated channel. It is proposed in this Supplemental Design

-Memorandum to construct a 200' long jetty initially and t_o_‘ extend it

as and when required.. Present estimates indicate that a 500' jetty
will have an 1mp0und1ng life of about 10 years and that an 1000' jetty
will eventually be requlred for about a 50-year- 1mpoundmg 11fe

: JETTY- DESIGN

23. The ‘west Jetty should include a sand- ~-tight core in order to -
effectively 1mpound 11ttora1 drift, . It is considered desirable to have -
a-3-foot thick armor stone layer with top width of 5 feet at elevation
£ 7 above M, L., W. and stone sizes of 0.5 ton minimum and 1.0 ton
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average. These stone sizes are more than adeguate for the design.
tide and wave height expected in the area, and would also be stable
for greater waves supportable by the available depths at the struc-
- ture. - Stone for this jetty should be placed rough.

24. The inside jetty would be subject to'small waves and stones
of 0.5 ton placed pell-mell without any core would adequately serve
its purpose. Construction of this jetty was deferred to a later date
in order to determine the required extent and/or any appropriate
modification on the basis of actual performance of the relocated chan-
nel,

CONCLUSION

25, The proposed project maintenance plan appears to pr'OVide
an adequate solution of the problems affecting the Federal navigation
project in Stage Harbor. - Performance of the proposed works is de-
signed to minimize any adverse effects,
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U. S. ARMY ENGINEER DJV!SIOM NEW ENGLAND, CORPS OF ENGINEEES
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